Effects of salinomycin (SL) on the growth of young calves reared from 3 to 25 weeks of age and on their blood and ruminal characteristics were investigated using 10 Holstein male calves. Calves were offered limited amounts of concentrate with 0 or 15ppm SL and hay ad libitum from 1 week of age. SLnontreated calves were fed a calf starter mixed with 50ppm chlorotetracycline instead of SL until 13 weeks of age. SL feeding tended to stimulate not only body weight gain but feed (concentrate) intake, and a resultant improvement of feed conversion was 6.3% with no statistical significance. Blood serum calcium, magnesium, phosphate, cholesterol, glucose, proteins and urea-N levels in both control and SL fed groups were within a normal range and were not affected by SL. When SL was fed ruminal VFA composition in calves after weaning except for 17 and 21 weeks of age tended to be altered toward more propionate less acetate and butyrate, though pH and total VFA level remained unchanged. Throughout the experiment SL-fed calves tended to have lower concentrations of and the development of ruminal papillae was examined at 7 weeks of age, there was found no apparent influence on the growth of ruminal papillae judging from their length, color and shape.
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Abstract
Effects of salinomycin (SL) on the growth of young calves reared from 3 to 25 weeks of age and on their blood and ruminal characteristics were investigated using 10 Holstein male calves. Calves were offered limited amounts of concentrate with 0 or 15ppm SL and hay ad libitum from 1 week of age. SLnontreated calves were fed a calf starter mixed with 50ppm chlorotetracycline instead of SL until 13 weeks of age. SL feeding tended to stimulate not only body weight gain but feed (concentrate) intake, and a resultant improvement of feed conversion was 6.3% with no statistical significance. Blood serum calcium, magnesium, phosphate, cholesterol, glucose, proteins and urea-N levels in both control and SL fed groups were within a normal range and were not affected by SL. When SL was fed ruminal VFA composition in calves after weaning except for 17 and 21 weeks of age tended to be altered toward more propionate less acetate and butyrate, though pH and total VFA level remained unchanged. Throughout the experiment SL-fed calves tended to have lower concentrations of and the development of ruminal papillae was examined at 7 weeks of age, there was found no apparent influence on the growth of ruminal papillae judging from their length, color and shape.
The digestion trial conducted at 26 weeks of age showed that dietary SL would prolong mean retention time of digesta and depress NDF and ADF digestibilities.
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Key words: salinomycin, calf, growth, rumen, feed conversion Salinomycin (Usetin, Kaken Pharmaceutical Co. Ltd.) has been used extensively in recent years for improving the feed efficiency of fattening cattle1-5). Major factors of this improvement in growing ruminants with salinomycin seem to be enhanced propionate production1-6), depressed methanogenesis7) and protein degradation1-6), and decreased turnover rate 6) in the rumen. Tables 1 and 2 , respectively. Calves were offered a milk replacer until 6 weeks of age and then weaned. In the control group the calf starter was blended with chlorotetracycline (CTC) instead of SL at a level of 50ppm. Concentrates were weighed for each animal every day and an equal amount of them was offered at 0900 and 1700. Calves were allowed free access to an italian ryegrass hay and water. After calves were adjusted to these treatments for 2 weeks, they were used in a growth trial of 22 weeks from 3 to 25 weeks of age.
Feed intake was measured daily and body weight weekly. At 5, 7, 9, 11, 13, 15, 17, 21 and 25 weeks of age, ruminal fluid samples were taken at 3 hours after the morning feed through the rumen catheter. Jugular blood was sampled at the same time except 7, 11 and 15 weeks of age. Blood serum calcium, inorganic phosphorus, magnesium, total cholesterol, glucose and urea N levels were assayed as described previously1). Total protein and albumin contents were determined by the biuret8) and the BCG methods9), respectively. Rumen samples were strained immediately after collection through two layers of gauze and pH was determined. Ruminal volatile fatty acids (VFA) and ammonia were analyzed by a gas chromatography10) and a method of SCHROEDER et al.12). The ruminal papillae were observed by a fiberscope technique13) at 7 weeks of age, using 4 calves randomly selected from each group. The fiberscope used was a large intestine fiberscope (Olympus CF-LBS) with camera and light supply. Before the observation calves were fasted for 2 days without restriction of water intake. From the appearance of papillae in the cranodorsal sac, their shape and color were judged by the classification of OHTANZ et al.14). Lengths of 20 papillae per head were estimated by using a small measure attached to the top of the fiberscope.
At 26 weeks of age, 8 calves were randomly selected from both groups for digestion trial with a 5 days' all fecal collection method. Calves were reared in the same manner with those on 25 weeks of age. Fifty grams of polyethylene glycol (MW: 4000) and 40g Cr mordanted italian ryegrass fiber suspended in water (1l) were given to each calf through the rumen catheter on the 1st day of the digestion trial, and both markers excreted in feces were determined6) to estimate the mean retention time of liquid or particle with the method of WARNER15).
Analyses of feeds and feces were made by the standard AOAC procedure16) and the detergent methods17-19). Total digestible nutrients (TDN) values of concentrates and hay were refered to those presented on the package of commercial feeds and on the literature20), respectively.
Statistical analysis was done by the Student's t-test21).

Results
Average daily gain, daily feed intake and feed conversion ratio are presented in Table 3 . Daily gain of calves in both groups from 3 to 25 weeks of age was averaged 1.22kg, which was satisfactory for the growth of fattening calves. Throughout the Table 2 . Feeding regime for calves growth trial SL fed calves gained 10.3% more than control, though the difference in gains was not statistically significant (Table 3) . Intakes of concentrates (milk replacer, calf starter and formula feed for growing calf), hay, total dry matter (DM), crude protein (CP) and TDN were slightly higher in SL fed calves (Table 3) . Conversion ratios of concentrates, total DM, CP and TDN were improved by 6.3, 5.0, 4.9 and 5.1% respectively when SL was fed. However, the effect of SL was limited up to 21 weeks of age and there was no stimulative effect in the last 4 weeks (Table 3) . Table 4 gives blood components of calves. Since blood components did not change appreciably with ages of calf, values from blood samples taken at different ages were pooled. All the values were in a physiological range, suggesting that dietary SL has little, if any, effect on blood components examined (Table 4) . Ruminal pH, total VFA levels and VFA molar percentages are shown in Fig. 1 . trend with no statistical significance (Fig. 2) . Table 5 shows the appearance of ruminal papillae in the cranodorsal sacs of 4 calves just weaned. Though papillae of SL fed calves were slightly shorter, their shape and color were the same nature with those of control calves. Judging from these results, feeding SL from 1 week of age seemed to have no negative influence on papillary development. Apparent digestibility of nutrients and mean retention time of digesta measured at 26 weeks of age are presented in Table 6 . SL fed calves digested DM, organic matter, CP, crude fat, crude fiber and nitrogen free extracts at the rates similar to control calves. Crude ash, neutral detergent fiber (NDF) and acid detergent fiber (ADF) digestibilities were slightly lowered by SL feeding (Table 6 ). Mean retention time of PEG was shorter than that of chromium regardless of dietary SL (p<0.001).
When SL was fed, both liquid and particle fractions tended to be retained longer in the gastro-intestinal tract of calves (Table 6 ). intake, and resulted in a slight improvement of feed conversion (Table 3 ). The differential response of feed intake in the SL group of this experiment is likely to relate to the age of animal used. A positive effect on feed intake would be advantageous for growing calf, since an increased feed consumption is preferable to physical22), microbial23) and metabolic24) development of the rumen.
Normal blood components in SL group (Table 4) harmful effect on hepatic and kidney function and on acid-base balance, even though it is dosed to calves from 1 week of age.
SL feeding generally reduces ruminal acetate and butyrate proportion and increases propionate without notable changes in pH and total VFA level1-6,25) The improvement of feed utilization by SL can be largely attributed to such a shift of ruminal VFA proportion.
In the present experiment these changes in VFA production pattern were also observed (Fig. 1) .
Since SL increases proportion of culturable rumen amylolytic bacteria which mainly produce propionate or its precursor25), SL could select them against acetateand butyrate-producing bacteria, as CHEN and WOLIN26) found with monensin fed steers. However, SL behaves as a propionate enhancer no longer when rumen propionate proportion before SL feeding has already attained to 30 to 40% by a high concentrate diet3). In this case it seems likely that bacteria associated with propionate production have become dominant without any aid of the antibiotic. This would be applicable to a lesser effect of SL on VFA composition and on gain in the latter period of growth trial (Table 3) . Additionally, since the control starter diet contained CTC that is known to alter ruminal VFA production in a manner similar to SL27), CTC might decrease the difference in VFA composition between the groups.
Dietary
SL reduces ruminal ammonia level1-5) and improves nitrogen balances6). In reduced by SL (Fig. 2) . These facts suggest a protein sparing action of SL, which can . b: Refer to Table  3 . The present experiment showed that SL tended to prolong mean retention time of digesta and slightly depressed NDF and ADF digestibilities (Table 6 ), in agreement with previous findings6). Prolonged retention time of feed due to depressed fiber digestion could increase digestibilities of other nutrients and lessen feed intake, which in turn resulted in the improvement of feed economy.
Ruminal papillae, being dark brown in color and foliate in shape, were slightly short in length in SL fed calves when compared with the controls (Table 5 ). According to OHTANI et al.14) who observed papillae of 10-week-old calves which were given a hay concentrate diet and showing normal growth, papillae in the cranodorsal sac were 4 .5 mm in mean length, and were dark brown and finger-like or foliate shape. Judging from their observations, papillary development in the present experiment seems to have been not injured by SL feeding.
Papillary growth depends upon VFA amount22) and their composition28) in the rumen; particularly butyrate stimulates the cell proliferation of rumen epithelium29).
Thus, it is probable that SL feeding to pre-weaned calf delays papillary development, since SL depresses butyrate level1-6.25). A slightly short length of papillae in the SL group may reflect low butyrate composition (Table 5 and Fig. 1 ).
In 
